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I. INTRODUCTION AND HISTORICAL REVIEW 
Esculin ~-D-glucose-6,7-dihydroxycoumarin) is derived 
from the horse chestnut tree (~esculus !JiJ2D.Q~~). The 
;?-glucose lirucage can be enzymatically hydrolyzed, yield-
ing esculetin (6,7-dihydroxycoumari~) and D-glucose. 





ESCULIN ESCULETIN D-GLUCOSE 
This reaction may be demonstrated by one of three methods. 
The first involves the complexing of esculetin with,.~ferric 
ions, producing a dark brown-to <-black precipitate. Although 
the exact structure of the complex is not known, it is'hypo-
thesized to be; 
1 
' 
The second method involves the detection of a change in pH 
as a result of fermentation of glucose, the second endpro-
duct of hydrolysis. It is evident that this method cafi be 
used only for those bacteria that ferment this carboydrate. 
The ·third method utilizes the loss of flourescence at 366 nm 
2 
by esctllin when it is hydrolyzed to its byproducts, esculetin 
and glucose. 
The hydrolysis of esculin by bacteria and its detection 
using iron was first described by Meulin in 1907. Harrison 
and van der Leek (1909) modified the procedure to detect 
faecal coliforms in water. Rochaix (1924) and Weatherall 
and Dible (1929) used the medium for the differentiation of 
enterococci from other streptococci. The addition of bile 
to inhibit nonenterococcal streptococci was introduced by 
Meyer and Schoenfeld in 1926. Swan (1954), Facklam and 
Moody (1970), Facklam (1973), and Facklam et al (1974) reem-
phasized the impor·tance of the bile esculin reaction in the 
identification of enterococci (Group D streptococci), a 
test that has become routine in clinical laboratories tciday. 
Following a period of disuse, Levine et al. (1932) 
and Vaughn and Levine ( 19!~2) reintroduced the test for the 
identification of coliforms. Wasilauskas (1971) investigated 
the possible use of bile esculin as a means of differentiating 
the Klebsiella-Enterobacter-?erratia (KES) group from other 
Gram negative bacteria. The inclusion of bile in the escu-
lin medium does not interfere with the.growth·of Gram 
negative bacilli. Wasilauskas (1971) tested 232 isolates 
of Enterobacteriaceae and 19 PseudornolJ_as species. 
Identification of the isolates was based on their reactions 
in triple-sugar iron agar, motility agar, utilization of 
citrate, and the production of hydrogen sulfide, indole, 
deoxyribonuclease, urease, and oxidase. His results, 
however, were reported at the generic level. Heavy ino-
cula from cultures grown on eosin-methylene blue agar 
plates were streaked on commerically prepared bile-esculin 
agar slants (Appendix 1). The slants were incubated at 
35 C and examined after 4 and 18 hours. Wasilauskas con-
eluded that esculin hydrolysis is a characteristic of the 
genera Klebsiella (57 strains), Enterobacter (34 strains) 
and Serratiq_ (25 strains). The genera t.ri_?ona (2 strains), 
Ci~;r_9bacteL-:_ ( 2 strains), Proteus ( 30 isolates representing 
(11 strains), §.hig,9lla (2 strains), and Escl)-erichia _Qolb. 
(69 strains) were negative. His interest was in finding 
a rapid test (hence 4-h incubation) for the presumptive 
/ 
identification and differentiation of the KES group from 
other Gram negative bacilli. 
Edwards and Ewing (1972), Ewing (1973), and Ewing and 
Martin ( 197/J.) compiled published and unpublished data 
related to the numerous biochemical reactions of the family 
Enterobacteriaceae. The data for esculin hydrolysis, 
summarized in Ewing and Martin ( 197lJ-), was based on 48-h 
and 72-h incubation in Vaughn-Levine medium (Appendix 6), 
a broth preparation considered to be the standard by which 
3 
other procedures for esculin hydrolysis detection are 
compared. 
Lindell and Quinn (1975) studied over 1000 isolates 
from clinical specimens. The isolates were tested in a 
large number of biochemical media which would allow 
identification to the species level. Esculin hydrolysis 
was determined using modified bile esculin agar slants 
(Appendix 3), incubated at 35 C and examined at 4 and 
18 hours. The test \'las considered negative after 18-h 
incubation. Positive reactions in all the pro6edures are 
4 
seen as black precipitates due to the esculetin-iron complex. 
Edberg et al. (1976) developed a "Rapid Spot Test" (RST) 
which allows the testing of esculin hydrolysis within 30 
minutt::.'s. One thousand one hundred twenty six strains of 
Enterobacteriaceae, 222 strains of ?t<i12..l:!Ylococcus, 86 strains 
of ;esE?udqmonas_, 8 s·trains of Listeria, and 1 strain of 
ErysiRelothrix were tested. The Enterobacteriaceae were 
identified to the species level. The RST requires tilter 
paper saturated with a 0.02% esculin solution in distilled 
water. The filter paper is placed on a glass slide in a 
moist chamber consisting of a Petri plate .with water in 
the bottom. A wooden applicator stick is used to apply a 
bacterial colony to the :filter paper. The spot is then 
observed for fluorescence using a wood lamp (366 nrn) held 
six inches from the paper. A positive test is evident as 
a loss of fluorescence resulting from the breakdown of 
esculin and .is seen as a darkened area surrounding the point 
application of the colony. The results of the RST were 
compared to those obtained by the PathoTec incubation 
strip (PTIS; Appendix 4), Vaughn-Levine medium (Appendix 5), 
and bile-esculin medium (BEM; Appendix 2). For the PTIS, 
a single colony is emulsified in 1 ml distilled water in 
5 
a scrmv-cap tube ( 13 x 100 nm), the strip added and incubated 
for 4 h at 37 C. A positive reaction is a blackening of 
the strip. 
Edberg et al. (1977) examined 2,490 isolates of Entero-
bbacteri.aceae. They compared two nongrowth methods and four 
growth-supporting media. The two nongrowth methods employed 
were the "Rapid Spot Test" and the PathoTec incubation strip 
discussed earlier. The four growth-supporting media used 
were Vaughn-Levine medium (VL; Appendix 5), Vaughn.,-Lev:Lne 
medium without Andrade's indicator (VL-A; Appendix 6), Vaughn-
Levine medium without iron (VL...:F; Appendix 7), and BEM (Difco). 
The broths were inoculated lightly by touching the top of a 
l 
colony with a bacteriological wire and immersing it in the 
broth. A positive result for VL and VL-A was evident as a 
blackening of the medium due to the esculetin-iron complex, 
while a positive reaction· in VL-F was a change in the color 
of t:he medium from colorless to pink or red due to acids re-
sulting from glucose fermentation. The BEM was inoculated 
by streaking the surface of the slant and stabbing the butt 
with a bacteriological wire. All growth media were incubated 
at 37 C and examined at 24-h intervals for five days, Edberg 
et al. (1977) suggested the removal of Andrade's indicator 
from these media stating: "Andrade's indicator was originally 
added to VL ·to detect acid production from glucose, one of 
the hydrolysis products of esculin. We found the medium 
with ferric citrate (which detects esculetin) better than 
that with Andrade's indicator. (which detects acid from glu-
cose). Often VL-A tubes were poritive while VL-F tubes 
remained negative. In no case was a VL-A tube negative when 
6 . 
a VL-F ·tube was positive. Our data indicate that the addition 
of Andrade's indicator to VL can be discontinued." 
Due to the discrepencies in the results obtained for 
Escherichia coJ .. i by the various investigators, Miskin and 
Edberg ( 1978) limited their inves·tiga·tion to this species, 
A suspension of each of 113 isolates was prepared in 0.85% 
NaCl (normal physiological saline-NPS) to yield 106 bacteria 
per ml. 0. Ol ml vJas streaked over the surface of a bile-
esculin agar plate (Difco), incubated and examined at 2L~, 48, . 
and 72 h for positive (black) colonies. Each isolate was 
also tested using a PathoTec incubatjon strip. 
/ 
The results obtained by these investigators, exclusive 
of Ewing and Martin ( 197!~) and Miskin and Edberg ( 1978), 
are summarized in Table 1. Ewing and Martin's (197lt-) data 
is not i.ncludedi.n Tables 1 and 3 because the number of iso-
lates tested is not indicated. Only percent positives are 
given and these appear in Table 4. 
Esculin hydrolysis, as mentioned earlier, is now a re·· 
cognized test in the identification of Group D enterococci. 
However, its use as a taxonomic tool in differentiating the 
genera and species of Enterobacteriaceae has not been widely 
accepted, partly because of the conflicting reports in the 
literature and partly because of the availability of more· 
reliable tests. Some commercial kits (MS-2, Abbott Labora-
tories, Dallas, Texas; !'-Hero -Id General Diagnostics, Harris 
Plains, New Jersey), however, have incorporated it among 
their battery of biochemical tests. 
Esculin hydrolysis has also found limited application 
7 
in studies involving few other bacteria: ;!..i§teria monocyto-
ggnes (Killinger, 1974), non-fermentative Gram negative bacil-
li (Hugh and Gilardi, 197!~) and anaerobes (Sutter e·t al., 
1975). 
It is assumed that a single enzyme,/S-glucosidase 
(esculinase) is involved in the hydrolysis of esculin to 
esculetin and glucose. The enzyme is also capable of hydro-
lyz.i.ng salicin ( o(., 2,-dihydroxytoluene-~ -D-glucoside), a 
compo:1..md with a similar ~-glycosidic linkage, producing 
saligenin. (eX.. ,2-dihydroxytoluene) and D-glucose. On the 
basis of the tests conducted by the various investigators 
(Wasilauskas, 1971; Edwards and Ewing, 1972; Lindell and 
Quinn, 1975; Edberg et al., 1977; and Hiskin and Edberg, 
1978) it became apparent that many species·within·certain 
genera (KlebsiellC!_, Enterob0cteJ;:_, and Serratia) are able to 
hydrolyze esculin within 2!~ hours, whereas with others 
(~scl}erichia coli, for example) this occurs only after a 
longer incubation period. Edberg et al. (1976) suggested 
that the enzyme is constitutive in the former group and 
inducible in ·the latter (g. _coli). This was confirmed later 
by Edberg et al. (1977) and Miskin and Edberg (1978). 
The nature of the enzyme has not been studied for bac-
teria other than the KES group and E· coli. 
8 
Because of the conflicting reports in the literature 
(and prior to Edberg's e·t al., 1977, and Miskin and Edberg's 
1978 work), I started investigating this reaction as a part 
of my research on the use of antibiograms as a taxonomic 
tool. Since the antibiogram "\vork did not add any new infor-
mation to the work done earlier (Hall, 1976; Shaffer, 1978) 
in the Microbiology Laboratory at the University of the 
Pacific, it was decided to limit the investigation to esculin 
hydrolysis by compiling the available data with the hope of 
clarifying ·the inconsistancies that appear in the literature. 
II. MATERIALS AND METHODS 
A total of 226 strains of Enterobacteriaceae were 
studied. These consisted of 6 ATCC strains (American Type 
Culture Collection, Rockville, Maryland): ~scherichia coli 
ATCC 25922; Klebsiella pneumoniae ATCC 13883; Enterobacter 
cloacae ATCC 23355; Serr~a marcescen~ ATCC 8100; Proteus 
yulge;!ris ATCC 13315; and Salmonella !..Y.Qhimurium ATCC 14028 
as controls, and 220 isolates from clinical materials reco-
vered in the Microbiology Department of Dameron Hospital, 
Stockton, California. The clinical specimens ·were obtained 
as previously inoculated Encise Enterotubes (Roche Diagnostics, 
Nu·tley, New Jersey)·. The inoculating s·ticks were removed 
and placed in tryptone broth. Following 3-4 h incubation, 
the broths were subcultured onto Hektoen agar plates to de-
,... 
termine puri·ty. A single representative colony was streaked 
onto a tryptic soy agar slant for use as a stock culture. 
These stock cultures were maintained to 2-8 C. 
Most clinical isolates were identified by their reac-
tions in triple-sugar iron agar, motility, production of 
indole, hyc;lrogen sulfide, deoxyribonuclease, urease, lysine 
and ornithine decarboxylases, arginine dehydrolase, and phenyl-
alanine deaminase, utilization of citrate and malonate, 
hydrolysis of 6 -nitrophenyl-,4 -D-galactopyranoside (ONPG) 
and fermentation of carbohydrates (glucose, adonitol, sorbitol, 
9 
10 
arabinose, raffinose, rhamnose, and inositol :ln phenol red 
base) according to the scheme of Edwards and Dwing (1972). 
Fewer tests were needed for the identification of Escherichia 
coli and members of the tribe Proteeae. The results of these 
tests are given in Table 5. 
Bile-esculin agar (B~l) slants, urea slants and motility 
tubes were obtained from Bakte-Bennett (Berkeley, California). 
The BEM slants were.Difco preparations in screw-cap tubes 
(16 x 125 mm), identical with the preparation given in 
Appendix 2. Light inocula were employed and only the surfaces 
of the slants were inocula·ted. All other media were Difco pro-
ducts, prepared according to manufacturer's instructions, and 
dispensed into glas~> ·tubes. The BEM slants were incubated 
at 37 C and observed daily for seven days ( 168 h). All o·ther 
media were read after 24- and 48-h incubation at 37 C. 
The results of this study and ·those reported in the 
literature were compared using a test of propor.tions (Woolf, 1968), 
Results differing at the eX== 0. OS level were regard~d to be 
significant. 
III. RESULTS 
Escherichia coli--Of the 50 strains of E. coli, only - --- -- --
two (L~%) were positive by 24-h incubation, nine ( 18%) after 
48 h, 13 (26%) after 72 h, and a total of 18 (36%) after 96 
hoLrrs. There was no hydrolysis evident after four days. 
None of the strains showed rapid, strong hydrolytic activity; 
the two strains which were positive at 24 h blackened only 
2-5 mm of the slant by 24 hours. 
Shi_g~J .. k-1:'-...:A sd...ngle strain of Shigelg sonnei was tested 
which was negative after 168-h incubation. 
~~Jmon_~~lla--:-Two stains (S. enteritidis and ~. typhimu-
riu.m) represented this genus; both were negative after 168-h 
incuba·tion. 
QJtr_g_bacter--Three strains of CitrobactE?r freundii were 
tested; only one was positive, giving initially a weak reac-
tion (only 2-5 mm of the slant was blackened) at 24 h and 
becoming progr~ssively stronger at 48 hours.· There were no 
additional positive. Citroba~ diversus was represented 
by two strains; both were negative after 168-h incubation. 
Klebsie],la--Of the 46 strains of K. pneumoniae, all 
(100%) '\vere positive within 24 h, with blackening of the 
entire medium. K· gza~ was represented by two strains, 
one was positive within 24 h, while the other remained nega-
tive after 168 hours. 
11 
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Enterobacter--All 13 strains (100%) of Enterobacter 
aerogenes were positive within 24 hours. Of 37 strains of 
,g. cloacae, nine strains (24.3%) were positive at 24-h incu-
bation, 21 (56.8%) at 48 h, 25 (67.6%) at 72 h, and 26 (70.3%) 
at 96 hours. Three of five strains (60%) of E· hafniae and 
two of three (66.7%) strains of g. g_gglomerans were positive 
within 2!~ h, with no additional positives. 
Ser:r._atia--All 17 strains of Serratia marcescens and the 
single strain of~· liquefaciens were positive at 24 hours. 
Proteus--Of four strains of Prot~ vulgaris, two (50%) 
were positive at 48 hand a third one (75%) at 72 hours. 
Of 29 strains of P. mi:~§bilis, none were positive at 24, 48, or 
72 h, one (3.4%) gave a positive reaction at 96 h, one addi-
tional (6.9%) by 120 hours. None of the 11 strains of P. 
mo}~f:i.g])i i 'ivere positive and one of two (50%) P. rettgeri at 
24 h, with no additional positives. 
Providencia--All six strains of Providencia alcalifaciens 
,! 
and four strains of P. stuartU.,_ were negative after 168--h 
incubation. 
IV. DISCUSSION 
Wasilauskas ( 1971) made the msumption that rapid escu-
lin hydrolysis is a generic characteristic of K1.ebsiella_, 
Enterobacter, and ~erratia, and that this capacity distin-
guishes this group from other Ent:erobac·teriaceae. It is 
evident from the literature cited throughout this paper and 
summarized in Table 1, 3, and l~, and the results obtained in 
this study (Table 2) that such a conclusion is not justified. 
At the·generic and specific levels, the accumulated data 
shmv the follmving: 
Es gh.e~j,s-~.hi~: 
Only one species, Escherichia col_i, is recognized in 
the genus. The organism is believed to be a normal inhabi-
tant of the intestines of all homoiotherms. To dat~, 1842 
strains have been investigated for esculin hydrolysis 
(Table 3). Only 1.6% (29/1842) are positive in 24 hours, 
with the reactj_.on becoming positive no earlier than 18 to 
24 hours after incubation. The percent of positives increases 
progressively after that to 36.1% at 48 h, 52.4% at 72 h, 
for a maximum of 59.8% at 120 hours. The present investi-
gation (Table 2) based on 50 strains shows a higher percent 
(l~%) at 24 h, increasing to 18% at lJ.S h, 26% at 72 h for a 
maximum of 36% at·96 h, with no increase after that through 
168 h at which time the experiment was terminated. Ewing 
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and Mart: in ( 1971~) give no results for the 21~-h test but 
report 30.9% positive at 48 h and 50.6% at 72 hours. Al-
though there are significant differences in the perce~t 
positives at 48-, 72-, 96- ,· and 120-h incubation times 
J.q. 
between this study and all earlier ones, all these investiga-
tions support the suggestion of Edberg et al. (1977) and 
the conclusion of Miskin and Edberg (1978) that the enzyme 
is inducible. No explanation is given in the literature as 
to why different strains differ so markedly in the length of 
time required for the enzyme to be induced. 
I suggest that the problem may be related to a defect in 
permease add/or related enzymes analogous to the phenomenon 
seen in ·the induction of ~-galactosidase in E· coli. 
C i t;,r.Q..Q.::_.l c ter: 
There are t~vo species in this genus: C. freundii and 
C. cliJ@t"...§ll..§. 1 both of which are found in water, food, faeces, 
and rarely other clinical material. They are considered 
/ 
opportunistic, usually colonizing the debilitated patient 
and hence their rarity among clinical isolates. C. freundii: 
Of 66 isolates examined to date, only three (4.5%) are 
reported positive at 21~ h. Two of 38 were reported by Lindell 
and Quinn (1975), one strain was positive at 4 h, the other 
at 18 h, suggesting rapid hydrolysis. Edberg et al. (1976) 
and Edberg et al. ( 1977) found none positive of nine and 16 
respectively. In the present study, one of ·three was po-
sitive a·t 24 h with no additional ones through 168 h. Ewing 
and Martin (1971~) report 0.9% and 3.9% at LJ.8 and 72 h respec-
tively. Lindell and Quinn's results suggest the enzyme to 
be constitutive, because of the rapid hydrolysis, but our 
study and that of Ewing and Nartin ( 197l~) do not support 
such a conclusion. 
Q. dtversus: A total 38 isolates have been examined 
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to date, of which 3 (7;9%) were positive at 24. Lindell and 
Quinn (1975) reported three of 15 positives among their six 
isolates at 24 h, one at l~8 and another at 72 hours. The 
two isolates encountered in this s·tudy were negative after 
168 hours. Ewing and Martin (1974) give figures of 1% at 
48 h and 5% at 72 hours. 
There are ·three species in this genus: K. Qneumoniae, 
K. OZ.f-l...Jllli'le, and !5_. J:hinoscleromatis. The overwhelming major·-
i·ty of the isolates encountered in the Uni·ted States are 
K· QQ?Umoniae. Most likely, the isolates examined by 
Wasilauskas (1971) were this species. 
i 
K· nneumoniae: This species is a normal inhabitant of 
the intestines of animals, including humans. It is chiefly 
implicated in infections of the urinary and respiratory tracts. 
Out of 814 isolates examined to date, only one failed to 
hydrolyze esculin in 24 hours. Ewing and Martin (1974) 
report 98.9% positive by L'~8 hand 100% positive by 72 hours. 
Our 46 isolates were positive in less at 24 hours. Rapid 
esculin hydrolysis may be considered a definitive character-
istic of this species and the enzyme was shown to be consti-
tuti.ve by Edberg et al. (1977). 
K. ozaenae: Associated with infections of the respira-
tory tract of humans, this species is rarely encountered. 
A total of 36 have been examined to date with 28 (77.8%) 
being positive at 24 h. Edberg et al. (1976) reported 12 
16 
to 11.~ strains (85~ 7~~) were positive at 24 hours. Edberg et al. 
(1977) examined 20 strains of which 15 (75%) were positive 
at 2Li- h with one additional positive ( 80%) at L~8 hours. 
The percent positive encountered in this study, based on 
two isolates, -v.j-as 50%. 
K. rhinoscleromatis: This species is associated with 
scleromas of the upper respiratory tract. It is rarely 
encountered in the United States, being most frequently 
recovered from pa·tients in Central and South America, and 
North Africa. Three strains were examined by Edberg et al. 
( 1977) of which one ('33. 3%) was positive at: 21+ h, with no 
addi·tional positives by 120 hours. Ewing and Martin ( 1974) 
report 15.4% positive by 48 h with no additional ones at 72 
,l 
hours. No isolates of this species were encountered in 
our study. 
Enterobacter: 
There are.four species in this genus:. g. aerogenes, 
E. cloacae, E. hcrrn_iq~, and E. ~merans. They are gener-
ally found in soil, water, faeces and other clinical materials. 
E. ~rg_genes: One hundred-thirty-nine strains.have been 
examined for esculin hydrolysis. All were positive by 21+ 
hours. Ewing and Mar·tin ( 197!~) report 98% positive by L~8 h 
with no additional ones at 72 hours. This investigation 
13 strains, all of which were positive by 24 hours. 
g. cl_oacae: Two-hundred-t\velve strains have been 
examined \vith 1t~1 or 66.5% positive at 24 hours. Lindell 
and Quinn (1975) report 81% positive by 24 hand Edberg et 
al. (1976) 71.4%. Edberg et al. (1977) report 53.6% at 
24 h, 57.1% at 48 h, 60.7% at 72 h, and 64.3% at 120 hours. 
Ewing and Hartin (197t~) report 29.3% positive at 48 hand no 
17 
additional positives at·72 hours. The present investigation 
examined 37 strains, 24.3% were positive at 24 h, 56.8% at 
48 h, 67.6%at 72 h, and 70.3% at 96 hours. Although the 
strains gave significantly fewer positives at 24 h,. the 
results are comparable to o·thers at longer incubation time with 
the exception of those given by Ewing and Martin (1974). 
Ewing and Jviartin are associated with the Center for Disease 
Coni:::rol (CDC) in Atlanta, Georgia. Their material probably 
represents atypical speciments referred to the CDC for identi-
fication, in contrast to those investigated by others which 
are mostly common and typical clinical isolates. 
g. §E.glomerans: To date, a total of 55 strains have 
been examined, of which 35 or 63.6% were positive. Lindell 
and Quinn (1975) report 31 of t~6 strains (67.4%) positive by 
24 h, Edberg et al. (1977) two of six (33.3%) at 24 h, with 
one additional at t1-8 hours. Ewing and Martin (1974) report 
62% positive at 48 h and 84% at 72 hours. This investigation 
had two positives (66.7%), from three strains, a·t 2L~ h, with 
no additional positives by 168 hours. 
g. halfniae: A total of 55 strains have been examined, 
eight of which (16%) were positive. Lindell and Quinn (1975) 
18 
report seven positives from 25 (28%), None of the 11 strains 
tested by Edberg et al. ( 1976) were positive at 2lJ. hours; one 
of fourteen {7 .1%) was reported by Edberg et al. ( 1977) at 
24 h, with no additional positives by 120 hours. Ewing and 
Martin ( l'91lt) report 6. 0% posi·ti ve at 48 h and 8. 0% at 72 
hours. The present investigation examined five isolates, 
of which thr·ee ( 60%} were positive at 24- h, with no additional 
positives by 168 hours. 
Edberg et al. (1976) noted that for the Rapid Spot Test, 
the genus .~nterobacter produced a grey spot rather than the 
black spo·t characteristic of other positive isola·tes and 
that the enzyme produced by En,terobactgJ;: species may be pro-
d-..Jced in lower quantities, is less functional, or less acces-
sible ~o the substrate. This hypothesis is supported by the 
observation .of this investigation tha:t in general, only the 
slant of ;the BEM was blackened at first with the entire medium 
being blackened on the following day. This hypothesis may 
/ 
also explaine the unusual results obtained from the isolates 
of E. cloacae. It is probable that in this species, the 
enzyme is produced in considerably lesser quantities as com-
pared to E. aerogenes, some positive strains not beine 
evident until after prolonged incubation. It is apparent, 
however, that while hydrolytic activity of the genus Entero-
,Q~:r,: is not as strong as that of the genus Klebf?Jella, it 
is a constitutive enzyme, the majority of positives being 
evident by 24 hours. 
Serratia: 
There are three species in this genus: §.. marcescens, 
~. liguef_<',!.cieD§_, and ~· rubidaea, all widely distributed in 
nature, frequently found in food, water, soil, and to a 
lesser extent, in clinical specimens. 
Se~ratia marcescen~: A total of 86 strains have been 
investigated to date with 85 found to be positive in less 
than 2!~ hours. All of our 17 strains were positive by 24 
hours. 
?erratia liguefaciens: To date, a ·total of 28 strains 
have been examined, \vith 25 found to give rapid positive 
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reactions in less than 2l~ hours. The single specim~n ex-
amined in this stLidy also hydrolyzed esculin with a few hours. 
~~IT£.B.ti§l ruQidQ&_g_: A rarely encm.1n·tered clinical iso-
late, to date, only eleven strains have been examined. All 
were found to be positive in less than 2l~ hours. None were 
encountered in this study. 
While it is my contention esculin hydrolysis is a 
species and probably a strain characteristic, it appears that 
for the genus Serratia, esculin hydrolysis is a generic 
fea:ture. Th.e enzyme is apparently constitutive, the over-
whelming majority of the positives being evident with 24 
hours. The enzyme also shows strong hydrolytic activity, 
with blackening of the entire medium. 
proteus: 
Four species make up this genus: E· yulga~i.s,_E. 
mirabili s, P. morganii., and E· rett.r&rj~· This genus is 
widely distributed in nature and also found in faeces and 
water. E· mirabilis is the most conunon species recovered 
from clinical specimens. 
P. vulgaris: Eighty-one strains have been studied to 
date of which 33 (40.7%) were positive. Lindell and Quinn 
(1975) report four positive strains from 27 (14.8%) by 
24 hours, and Edberg et al. (1976) report eight of ten (80%) 
> 
by 24 hours, and Edberg et al. (1977) 21 of lFO (52.5%) by 
24 h, two additional positives (57.5%) by 48 h, one addi-
tional at 72 h ( 60%), 96 h ( 62. 5%), and 120 h ( 65%). Ewing 
and Martin (1974) report 59% positive at l~8 hand 61.6% 
posi·tive at 72 hours. The results of this investigation 
·revealed no posit:ives from four strains ·at 24 h, two (SO%) 
and 1.+8 h, and a t:hird (75/~) at 72 hours. 
f. ;r;:.~ttgeri.: To date, "87 strains have been examined 
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of which 34 (39.1%) were positive. Lindell and Quinn (1975) 
report five of nine strains (55.6%) positive at 24 h, Edberg 
et al. (1976) 12 of 30 (40%) strains at 24 h, and Edberg et 
al. (1977) 16 of 45 (35.6%) at 24 h, with one additional 
positive at 48 h (37 .8%) and another at 96 h (4-0%). Ewing 
and Martin (1974) report 30.4% positive at 48 hand 39.1% 
at 72 hours. This investigation had a single positive (33.3%) 
from three isolates at 24 h with no additional ones by 168 
hours. 
P. mir~bilis: To date, 952 strains have been examined 
with no reported positives. Ewing and Martin· ( 197l~) report 
0.9% by 72 hours. This study shows one of 29 positive (3.4%) 
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a·t 96 h and another ( 6. 9%) at 120 hours. In both cases, only 
2-5 mm of the slant was blackened with no significant addi-
tional blackening of the medium after prolonged incuba-tion. 
P. mor.gani\: ·A total of 111 strains have been tested 
to date with no positives. These results are also supported 
by Ewing and Martin (197L~) and this study of 11 specimens, 
none of which was positive a·t 168 hours. 
Providencia: 
There are two species in this genus: P. alcalifaciens 
and [. stuartii, occasional isolates from human clinical 
specimens, particularly foeces and urine. 
E· 9lc~l~~~9i~DsL To date, a total of 41 strains have 
been studied with no reports of positives. These results are 
supported by E"lf7ing and Hartin ( 1974) and this study of six 
isolates, none of which was positive in 168 hours. 
X· §_~tii: Thirty strains have been investigated to 
date, with ao repor·ts of positives. Our study of four iso-
/ 
lates and tha-t of Ewing and Martin ( 1974) support ·these re-
sults. It appears that ~-glucosidase is completely absent 
from the genus Providencia. 
Edbert et al. (1977) suggested that, except for g. coli, 
;:9-glucosidase is constitutive in all Enterobacteriaceae 
that produce this enzyme. The data from previous studies and 
the present one. ·sugges·t that this hypothesis may not be 
entirely true. Proteus vulgaris and P. rettg&ri give ra·ther 
confusing results. From the data based on 2L~-h incubation, 
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it would appear that the enzyme is constitutive rather than 
inducible. This is supported by the results of Edberg et al. 
(1976) and Edberg et al. (1977) using nongrowth methods where 
the strains that were positive by the rapid methods were 
posi·tive by 24 h in the growth-supporting media. However, 
the results fromthe investigations were strains were exam-
ined after longer incubation periods are conflicting; the 
results suggested that the enzyme may be inducible in some 
strains. A more plausible explana·tion is that the enzyme is 
constitutive in this species, but in some strains, it is 
produced in small quantities, less accessible to the substrate, 
or is less functional. 
For p_. mii_52PioJ...:..i&' the results of this inves·tigation, 
_supported by the findings of Ewing and Hartin (1974), differ 
from those o:f Lindell and Quinn (1975), Edberg et al. (1976) 
and Edberg et al. (1977). It is possible that a small number 
of strains of P. mirabilis do produce an inducible enzyme. 
It is also likely that the enzyme produced is constitutive, 
but produced in small amounts, is extremely weak, or is 
inaccessible to the substrate. Further investigations would 
have to be cond.ucted to determine the nature of the enzyme, 
The data reported by Ewing and Hartin ( 197!~) suggested 
that the enzyme may be inducible in the genis Citrobac.ter, 
evident in increases in percent positives on prolonged in-
cubation. This also requires further investigation before 
a definite conclusion can be drawn. 
During the course of this investigation, it became 
apparent that a maximum of 120-h incubation 1vas necessary 
before considering a test negative. There was no evidence 
of esculin hydrolysis after 120 h for any of the strains 
examined. 
The media used to determine esculin hydrolysis by the 
different investigators varied. The bile-esculin medium 
(BEM; BBL) employed by Wasilauskas contains sodium azide, 
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which may be inhibitory to some strains of Enterobacteriaceae. 
The Vaughn-Levine (VL) medium, appears to be the most sen-
sitive; Edberg et al. (1977) report that positives were 
occasionally apparent sooner in VL than in BEM. The VL 
medium is no·t readily available commercially and as a 
broth, i.t is not as easily handled or stored as an agar. 
The rapid rne·thods, the "Rapid Spot Test" and the PathoTec 
incubation strip, appear to be adequate for.the detection 
of the constitutive enzyme. They cannot, however, be used 
for the detec·tion of the inducible enzyme. I recommend 
' 
that BFM (Difco) be used for the detection of esculin 
hydrolysis. The medium contains no sodium azide; it is 
readily available commercially; agar slants are easily 
handled and stored; and the medium can be used to examine 
a strain for both constitutive and inducible enzymes, 
Relatively little time is necessary for either the ino-
culation or examination of the medium for results. The 
higher concentration of bile (4%) in the Difco preparation 
as compared to the one percent of the BBL preparation has 
not been shown to be inhibitory to any strain of Enterobac~ 
teriaceae. 
The varied results among the investigators may be due 
in part to the size of the inoculum used. Edberg et al. (1977) 
suggests that the highec percentage of positives obtained by 
Lindell and Quinn (1975) for ~. coli is due to the large 
inoculum employed. This is suppor·ted by the results 
obtained by Miskin and Edberg (1978) where a quantitative ap-
proach '>vas used. The method employed by them is the most 
accurate; however, its routine use is time-consuming. The 
use of a light inoculum obtained by touching a colony with 
a bacteriological wire and streaking the surface of the 
slant without stabbing the butt are recommended. From this 
investigation, it appears that the amount of blackening of 
the slan·t is somewhat is characteristic and may be useful 
in presumptive identifaction. 
l 
V. CONCLUSION 
Two ·~hundred and t\venty-six isolates of Enterobacteriaceae 
were examined for esculin hydrolysis. Most of the isolates 
were obtained from clinical materials recovered by the 
Microbiology Department of Dameron Hospital, Stockton, 
California, and subjected to extensive biochemical testing 
for proper identification. The results for 24 hours, com-
bined with data from previous investigations, are as follows: 
Eschericl)j __ C!, coli, 29/18l~2 (1.6%); ~higglla, 0/152 (0.0%); 
Sai.m9.l!e1lfl, 0/ 22l~ ( 0. 0%), A£J.:.t;.Q}J.s1._, 0/13 ( 0. 0%); Ci trob'lct~£. 
fre_~;g},g_Li.r 3/66 (4.5{o); Q.. Q_b_vqr§l!§_s 3/38 (7.9%); J.Zleb~iel,la 
Qneumoniae; 814/815 (99.9%); K. ~' 28/36 (77.8%); K. 
rhino~cl~romatis, 1/3 (33.3%); Enterobacter 9-erogenes, 
139/139 (100%); ~· cloacae, 141/212 (66.5%); ~. hafniae, 
11/55 (20.0%); E. agglomerans, 35/55 (63.6%); Serratia 
marcescens, 85/86 (98~8%); S. li~uefaciens, 25/28 (89.3%) 
S. rul?id~, 11/11 (100%); Pr.Qt§..tJ§..Y~~Jgaris, 33/81 (!.J-0.7%); 
P. mira:Qilis, 9/981 (0.0%); £:. morganii, 0/111 (0.0%); P. 
rettgeri_, 3lJ.j87 ( 39 .1%); Pr.Q_videncia alcalifaciens, Ojl~7 
(0.0%); and P. stuartU, 0/34 (0.00%). · These results suggest 
that the enzyme is constitutive in the Klebsiellq-Ent;:erobacter-
Serratia group, P:cot_eus vulgaris a:Rd r_: rettgcri; absent from 
Sh:i.:_gella, Salmonella, Arim..Ilfu. Providencia t and ProtSlli§_ 
morganii; and inducible in Escherichi.a £211, and possibly in 
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both species of Citrobacter, and P. mirabiU.s. 
With respect to the use of th~ esculin reaction in.clin-
cal work, it may be concluded that rapid hydrolysis is of 
limited use as a taxonomic tool, identifying many but not 
all ·the species of the genera K_leb§iella, ~nterobacter:,, and 
Serratia. A reaction is considered typical of a bacterial 
species if it characterizes over 90% of the strains in that 
species. Such a feature then is true of Klebsiella Q.neulfloniae, 
Ent§.robg~ter aerogenes, and all three species of Serratia. 
As a 24 h test, it has wider application and usefulness. A 
negative esculin test after 24 h is as characteristic of a 
species as a positive test. Negative esculin would 
characterize §_hig~ll..CJ:., Salmonella, Arizona, Providencia, and 
Prot.eus morganii. The results are variable for other genera 
and species of Enterobacteriaceae. I recommend the addition 
of esculin hydrolysis to the battery of biochemical tests to 
be read at 24-48 hours, i.e. the time limit at which most 
biochemical tests of ·the Enterobacteriaceae are normally 
read. A positive esculin hydrolysis may be considered an 
adjunct test useful in the identification of Klebsiella 
nne!o-!!TIQnJ.ae. 1 Enterobacter aerogenes, Serratia marcescens, 
S. }._iguefa_Qiens, and S. rubidaea. 
This review also suggests that the Enterobacteriaceae 
may be divided into four catagories on the basis of esculin 
hydrolysis. Some genera seem to be completely devoid of the 
genetic capacity to produce the enzyme either constitutively 
or inclucibly. This is true of Shigella with 152 strains 
27 
studied to elate, Salmonella (221.'~), Arizona (13) and 
Proviclencia (81). The enzyme is constitutive in a second 
group consisting of the genera Klebiella, Enterobacter, and 
Serratia. This is based on the observation that hydrolysis 
occurs in less than 24 h in growth as well as non-growth 
incubating media. The third group is characterized oy having 
an inducible )?-glucosidase and consists of the genera 
Escherichia and Citrobacter. This conclusion is based on 
the observation that hydrolysis does not occur in non-growth 
media and that incubation for several hours, sometimes days, 
in a medium containing the substrate esculin is essential 
to induce the formation of the enzyme. The fourth group is 
represented by the genus Proteus in which the enzyme seems 
to be constitutive in ;e_. vulgaris, P. ~i, and possibly 
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RESULTS OF ESCULIN HYDROLYSIS BY ENTEROBACTERIACEAE 
AT PROGRESSIVE INCUBATION TIME (h) . 
2~ h %+ 48 h %+ 72h %+ 96 h %+ 120 h %+ 144 h %+168 h %+ *. F 
Escherichia coli (SO) 2 4.0 9 18.0 , 'l ..... 26.0 18 36.0 NC NC 18 36.0 I . 
Shigella (1) 0 o.o NC NC NC NC NC o. o.o . 
Salmonella (2) 0 o.o NC NC NC NC NC 0 o.o 
Citrobacter freundii (3) 1 33.3 NC NC NC NC NC 1 33.3 
Citrobacter diversus (2) 0 o.o NC NC NC NC I NC 0 o.o 
Klebsiella pneumoniae (46) 46 100,0 NC NC NC NC . NC 46 100.0 
Klebsiella ozaenae (2) I 50.0 NC NC NC NC NC l 50.0 
~ 
Enterobacter aerogenes (13) 13 100.0 NC NC NC NC NC 13 100.0 
Enterobacter cloacae (37) 9 24.3 21 56.8 25 67~6 26 70.3 NC NC 26 "70.0 
Enterobacter hafniae (5) 3 60.0 NC NC NC NC NC 3 60.0 
Entcrobaacer 9gglomerans (3) 2 66.7 NC NC NC NC NC 2 66.7 
Serratia marcescens (17) 17 100.0 NC NC NC NC NC 17 100.0 
Serratia liquefaciens (1) 1 100,0 NC NC NC NC ·Nc 1 100.0 
Proteus vulgar is ( 4) 0 o.o 2 so.o 3 75.0 NC NC NC 3 75.0 
~, .. 
Proteus mirabilis (29) 0 o.o ·u o.o 0 o.o 1 3.4 2 6.9 NC 2 6.9 
Proteus morganii (11) 0 o.o NC NC NC NC NC .. · 0 o.o 
Proteus rettgeri (3) l 33.3 NC NC NC NC NC 1 33.3 
Providencia alcalifaciens (6) 0 o.o NC NC NC NC NC 0 o.o N \0 
' !'rovidcnci.a stuartii. (4} 0 o.o NC NC. NC NC NC q o.o 
NC--no chango 
*--figures indicate final oumulacivc !igurea 
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TABLE 3 
CUMU"~~TIVE POSITIVE ESCULIN HYDROLYSIS RR~CTIONS (~~~BER fu~ PERCENT) 


















































48 h %+ 





















































9ll h %+ 
593/1024 57.9 
0/20 o.o 
. 0/25 • o.o 
0/2 o.o 
1/19 5.3 





















••b.'lscd on tho work of Wan1l&ut<kns (1971), Ltr.doll u.nd Qu!.n.l"i (1975), Edbers t'llt ;:.l, (1976), 
E.:bcrs (n: ;r.l. (1917). 'U.sk\n end Edbura (1976), •m<i thh paper, 









































































COMPA.~!SON OF PERC&~TAGES POSITIVE REACTIONS 

















































































98.9 100.0 100.0 
75.0 85.3 50.0 
15.4 33.3 1\'T 
98,0 100.0 100,0 
29.3 56.9 56.8 
6.0 21.1' 60.0 
62.0 55.9 66.7 
90.8 98.8 100.0 
73.3 95.2 100,0 
NT 100.0 NT 
59.0 56.8 50.0 
o.o o.o o.o 
o.o o.o o.o 
30.4 37.5 33.3 
o.o o.o 0,0 







































100.0 100.0 100.0 
75.0 85.3 50,0G 
15.4 33.3 NT 
98.0 100,0 100.0 
29,3 64.4 67.6 
8,0 21.i 60.0 
84.0 55.6 .66.7 
90.8 98.8 100.0 
75.0 95.2 100.0 
NT 100.0 NT 
61.6 61.4 75.0 
0,9 o.o o.o 
o.o o.o o.o 
39.1 37.5 33.3 
o.o o.o o.o 
o.o o.o o.o 















































































Escheri~~ia coli (49) 
S<:.l'!Nn~lla (1) 
Citrobacter freund1! {3) 
C\::rcbact:•!r di.versus (2) 
lCtebslel.-:.a pn<?urr.oniae (46) 
Kle~siel~a ozaenae (2) 
L~terobecter aeroge,es (13) 
Enterobacter cloacae (36) 
~~terobact~~ hafntae (5) 
Enterobactcr av.glomerans (3) 
Serratia marcr.scene (16) 
Serratia liquefaciens (l) 
Prot~~s 'Y'ilv.ar\ s ( 3) 
Proteus rnirabi1is {29) 
Proteus morganil (11) 
i~teus rett~eri (3) 
FTo~\dencta alcatifac1ena (6) 
:0•-o•·tdcnt'hl, 3t\~£t'tU (4) 


















































































o.o 100.0 100.0 100.0 o.o o.o o.o NT 1'.'1' 0.0 100.0 100,0 o.o 100.0 100.0 100.0 100.0 0.0 o.o 
o.o 100.0 100.0 100.0 100.0 66.7 o.o Nr NT 66.7 100.0 100,0 ~"JT NT 66.7 I'<"' 66.7 o.o o.o 
100.0 100.0 100.0 o.o 100,0 so.o o.o NT NT 50,0 100.0 100.0. NT NT o.o o.o 100.0 1<1 c.o 
15.6 100.0 100,0 0.0 100.0 100.0· 0,0 0.0 95.6 64.4 -91:1 97.8 100,0 100.0 97.8 o.o o.o 73.3 !rr 
c.o 100.0 100,0 o.o 100.0 o.o o.o o.o o.o 50.0 50,0 100.0 100.0 50.0 100.0 o.o o.o 0.0 o.o 
o.o 100.0 100.0 o.o 100.0 15.4 o.o 91.7. 66.7 84.6 100.0 100.0 100.0 100.0 92.3 o.o 100.0 58.3 o.o 
o.o 100.0 100.0 0.0 100.0 47.2 o.o 100.0 96.7 38.9 66.7 100.0 86.7 96.7 ·o.o 96.7 100.0 23.3 o.o 
o.o 20.0 100.0 o.o 100.0 20.0 o.o 100.0 33.3 o.o o.o 100.0 100.0 100.0 100.0 33.3 100.0 o.o. o.o 
33.3 100.0 100.0 o.o 100.0 33.3 o.o 100.0 33.3 o.o 33,3 33.3 o.o 33.3 o.o o.o o.o o.o :n.3 
o.o 100.0 100,0 o.o 100.0 43.8 100.0 100.0 o.o 87.5 81,3 .18.8 6.3 1.8.8 100,0 25.0 93.8 62.5 o.o 
c.o 100.0 100.0 o.o 100.0 0.0 100.0 100.0 o.o 100.0 100,0 o.o o.o 0.·0 100.0 100.0 100.0 100.0 o.o 
100.0 33.3 100.0 100.0 o.o 100.0 o.o NT NT NT NT NT NT NT o.o o.o o.o hT 100.0 
~~ .. 
o.o 58.6 100.0 100.0 o.o 100.0 o.o NT NT NT l'i'T l'I'T Nr NT NT NT !'IT ~'T 100.0 
100.0 o.o 100,0 o.o o.o 100.0 o.o NT NT ·m NT Nr NT NT NT :rr NT NT 100.0 
100.0 100.0 100.0 o.o o.o 100.0 o.o NT NI' . NT NI' .• NT NT li'T o.o NI o.o o.o 100.0 
100.0 100.0 100,0 o.o o.o o.o o.o rrr NT o.o 9·o 0,0 NT NT o.o ~7 w 0.0 100.0 100.0 N 
' 
r 
100.0 100.0 100,0 o.o o.o o.o o.o NT NT o.o o.o Ci,O NT NT o.o NT o.o 0.0 1.CO .. li 
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Modified Bile-esculin agar (Difco, Detroit, Michigan) 
Peptone 5.0 g 
l Beef extract 3.0 g 
Oxgall 40.0 g 
Esculin 1.0 g 
Ferric citrate 0.5 g 
Agar 15.0 g 
Dist:illed water 1000.0 ml 
Appendix L~ 
PathoTec Incubation Strip (General Diagnostics, Morris 
Plains, New Jersey) 
Esculin 
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